A new harmonic analysis method for electric power systems based on triangle basis functions neural network was presented, the convergence theorem of the algorithm was proposed, and a window function and interpolation algorithm were employed to correct the frequency of fundamental waves. This approach does not require synchronized sampling and integer period truncation, and can obtain directly the frequencies, amplitudes and phases of fundamental waves and harmonics. The result of computer simulations has shown that the algorithm is an ideal analysis method with high precision, small amount of calculation and speedy convergence.
Introduction
With the development of power electronics technology, power system harmonic pollution is worsening, which poses a potential threat to the power system security, stability, economic operation and greatly affects the surrounding electrical environment. Therefore, it is significant to monitor the power system harmonics real-timely, exactly control the status of the power system harmonic, prevent harmonic harm and maintain safe operation of power system [1] .
The power system harmonic measurement usually using fast Fourier transform (FFT) to realize. However, the power system frequency is not necessarily rated frequency. It is unable to guarantee the sampling frequency is an integer multiple of the actual operating frequency. Thus, there exists a fence effect and leakage phenomenon, which make the calculated signal parameters, namely the frequency, amplitude and phase, incorrect, especially the phase error is large, which can not meet the harmonic measurement requirements. This paper presents a new method adapted to the power system harmonic analysis based on a triangular basis functions neural network algorithm. The neural network algorithm convergence theorem is proposed and proved. The simulation indicates that the method of calculating harmonic measurements is of high precision, small amount of calculation, fast convergence, so the algorithm has a higher electric system harmonic measurement application value [2, 3] .
The extraction of power system fundamental frequency
A periodic signal having a respective harmonic can be expressed as:
Where n f represents the frequency of n harmonic; n A and n ϕ respectively represent the amplitude and phase of n harmonic; N represents highest harmonic frequency. The signal is sampled at a sampling frequency s f , when the sampling frequency s f is not an integer multiple of the fundamental frequency 0 f , the fundamental frequency can be expressed as:
Where 0 K is integer; 0 K ∆ is decimal; M is sampling points number.
According to the relevant literature, the correction equation of fundamental frequency combined with short form windowed interpolation algorithm can be obtained. 
And the correction equation of fundamental frequency combined with Hanning window interpolation algorithm can also be obtained.
represents the windowed discrete Fourier transform.
Thus, the Hanning window correction fundamental frequency can be obtained from Eq. (2).
Power system harmonic analysis based on triangle basis neural network
In the power system, Eq. (1) can be further expressed as: According to Eq. (6), the BP neural network model based on triangular basis function can be established. Wherein the input layer neurons is 1, the weight value of the hidden layer neurons is j w , and the excitation function is j c , namely:
The weight matrix is defined as:
The excitation matrix is defined as:
Thus, the output of neural network is obtained:
The error function:
The performance index:
The weight adjustment:
Where, η represents the learning rate, and
In order to ensure the convergence of neural networks, we propose a convergence theorem:
Set η as the learning rate, when ( )
, the neural network is of convergence, where
is the number of hidden layer neurons. According to the above neural network algorithm, through neural network training, the weigh value of neural network W can be obtained, and the amplitude and the phase of each harmonic can be obtained by using the weigh value W and the following equation. 
Simulation example
In order to verify the neural network algorithm proposed in this paper, take simulation harmonic analysis to the following signal:
Where the fundamental frequency is 50.2Hz. The harmonic frequency of each other is the integer multiples of the fundamental frequency. The sampling frequency is 1500Hz and the sampling points is 1024 points. The fundamental, the harmonic amplitudes (a unit-value) and phase are shown in Table. 1. In order to simulate the actual digital signal, the white noise signal whose amplitude is the 1% of the fundamental amplitude is added in the simulation signal. At first, obtain the fundamental frequency, through using the windowed interpolation algorithm described earlier, and regard this fundamental frequency as the one used in neural network algorithm. Put the sampling value (30 points) of the previous fundamental period into the neural network to train. After six iterations, the neural network is of convergence, namely, the amplitude and phase of the fundamental harmonic and other harmonic can be obtained with one-time. Table. 2 is the result of proposed neural network algorithm with rectangle-windowed interpolation algorithm. Table. 3 is the result of proposed neural network algorithm with Hanning-windowed interpolation algorithm. For comparison, we use adaptive artificial neural network algorithm for harmonic analysis of this signal, the analysis results are shown in Table. 4. As can be seen from the simulation results, the proposed method of measuring harmonic frequency fluctuation has better adaptability, by the white noise signal interference, the precision for each harmonic amplitude and phase angle is high.
Conclusions
This paper presents a novel triangular basis function neural network algorithm and its convergence theorem. Combined with windowed function interpolation algorithm, we make a harmonic analysis of power system. The above simulation simulation calculations indicates that, in the non-synchronous sampling and the case of non-integral period truncation and white noise, etc., the proposed method is of high accuracy for harmonic measurement. The neural network algorithm requires small amount of data (only one fundamental cycle sample data), and is fast convergence (the above example only 6th iteration can converge). Therefore, the algorithm has a higher value in the power system harmonic measurement.
